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Presentation Outline

« Single Particle Mass Spectrometry background

e Characterization of our ATOFMS (Wallace)

o Atlanta-ANARCHhE and Diesal Studies
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What are these aerosols we' ve been
talking about anyway?

* Any mixture of gasses with suspended
liquid or solid particles.

e Sizesrange from single nanometers — tens
of micrometers

— Primary aerosols are directly emitted
— Secondary aerosols form in the atmosphere
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Atmospheric Aerosol

o Health Effects
e Vishility
o Largest uncertainty in climate forcing

GSGilobhal and annual mean radiative forcing (1750 1o present )
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Single Particle Mass
Spectrometry Background




What 1s Single Particle Mass
Spectrometry?

* Provides composition analysis on a particle
by particle basis

« Usually coupled with particle size
measurement
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Why Single Particle Mass
Spectrometry?

Traditional Bulk Single Particle Analysis

Chemical Analysis ‘
metal metals @
organics|( organics
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Why Single Particle Mass
Spectrometry?

* No positive filter artifacts

» Better retention of volatile species
o Sengitivity (<1pg for mass spectra)
e “Real time analysis’

e Time resolution

e Source Apportionment
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Groups doing single particle mass spectrometry

North America:
~35 groups

Europe: ~15 groups

Asia: ~5 groups
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Mix and Match Components

*There are a variety of ways to
build each component so mix
and match...

*The basic components are the
inlet, a sizing method,
ablation/ionization, and mass
spectrometry
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Single Particle Mass
Spectrometry Techniques

Inlets Sizing
 Nozzle Particle Velocity
e Aerodynamic Lens *Aerodynamic
» Size-selective Sizing
Focusing Inlet *Optical Sizing
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Single Particle Mass
Spectrometry Techniques

Ablation-lonization Mass Spectrometry
Laser Desorption/ Methods
'0;i281;0n » Time-of-Flight
Eegorppti on/Electron Quadrupole

Impact lonization * lon Trap

Thermal * MSIMS

Desorption/Chemical
|onization
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OUR ATOFMS
(Wallace)

*Background
eCustomization
eCharacterization
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Particle Sizing

v = distance
time
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TOF Mass Spectrometry

VI Bipolar TOF voltage scheme \
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Wallace
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Characterization of Sizing System
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Homalized Scattering Cumves for DOS
PULSE HEIGHT ANALYSIS
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Calculated and Measured Scattering for DOS using the ATOFMS
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Why Isindex of refraction important?

 Scattering and absorption characteristics
— Radiative forcing
— Hazelvisbility

e Optical measurement calibration
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Calculated MIE Scattering

AMED -

2AERE

2MERE

. DOS (1483 f.o.r)
« PSL (155 i.0.1)

+ smoke (1.36-013i1.0.r.)

15003
100E03
A0EE
O.0EHI A 1 1 = T T T T
0.1 02 0.3 0.4 05 0F 0.7 08 04 1
Dp,um
L= o

FParlicie Techrology Laboratory

R TP B




Pulse Height Distibutions
470nm mobility size
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Determination of Index of Refraction
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Particle Transport Efficiency

-
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Position Dependant Particle Velocities
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AtlantaeANARChE
(Aerosol Nucleation and Real-time
Characterization Experiment)




Site Conditions

Atlanta, GA, August 1999

éay 1, ~4:50 PM

Day 2, ~3:30 Pb
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The additional instrur_nents...

Differential Mobility
Analyzer (DMA)

" Mooer 3081 Love DMA

il

*Particles of a certain mobility size are

selected for a certain flow and voltage.

*Electrostatic force = Drag Force

Aerosol Particle Mass
analyzer (APM)

Inner electrode

Aerosol
\ entrance

High Voltage
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High /L_
voltage = /
Mr o2 Outer /<\Q
electrode
Mass m
classified -
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exit

* Particles of a certain mass can penetrate
through the APM for a fixed rotational speed and

voltage.
 Electrostatic force = Centrifugal force
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Experimental Set-up

the availabletoys....

DMA1 RH DMAZ2

Condltloner

Thermal
Conditioner

APM
CPC
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Composition of particles of known mobility size...
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Composition of particles of known size and hygroscopicity...
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Composition of particles of known size and volatility...
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Composition of particles of known density...
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FPositive

Contaminant or Silver Lining...
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Future Work

 Smaller Particles
— Pumping
— Alignment

e Contaminant
— Source

e Data Crunching
— Spectral Averages
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